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Slower Time estimation in Post-
Traumatic Stress Disorder
Carmelo M. Vicario1 & Kim L. Felmingham2
Cognitive deficits in Posttraumatic Stress Disorder (PTSD) and dissociative symptoms suggest there 
may be an underlying and persistent problem with temporal processing in PTSD, but this question 
has not been systematically examined. We investigated the ability of a group of PTSD participants 
in estimating the duration of supra-second visual stimuli relative to healthy controls. The data of 
59 participants with PTSD and 62 healthy controls, collected from the BRID database, have been 
examined. Overall, our results indicate that PTSD patients overestimate the duration of the displayed 
stimuli. Moreover, we found that PTSD are more variable in the time estimation compared to the 
control group. Finally, we found evidence that working memory and attention impairments were 
associated with time overestimation in PTSD. The finding of time overestimation in PTSD accords with 
previous reports of time overestimation during stressful experiences associated with fear and arousal, 
but extends findings to suggest it remains in chronic PTSD populations processing non-emotional 
stimuli. The evidence of time overestimation in PTSD suggests the potential relevance of this factor as a 
cognitive marker in assessing the neuropsychological profile of this clinical population.
Posttraumatic Stress Disorder (PTSD) is an anxiety disorder affecting approximately 6.8% of people at some time 
in their life (e.g., refs1,2. See also3 for a recent review). PTSD is characterized by intrusive memories, which are 
typically fragmented memories of the trauma frozen in time, cognitive deficits such as working memory (WM) 
impairments, information processing speed and attentional biases to threat, and cognitive and behavioural avoid-
ance4. Dissociative symptoms can also be prominent in individuals with PTSD, and include a sense of derealisa-
tion and depersonalization5. This constellation of symptoms suggests there may be a dysregulation in temporal 
processing or time perception associated with PTSD. Individuals with PTSD often report a slowing of time per-
ception during their trauma6, but whether time processing deficits persist in chronic PTSD remains unknown.
Previous research in healthy controls has revealed that an overestimation of time is associated with negative 
affect and high levels of arousal. In prospective time-estimation studies, viewing negatively-valence images in 
high arousal states was associated with over-estimated time perception, whereas viewing positive images under 
high arousal was associated with time underestimation7. Similarly, threatening high arousal images were overes-
timated in duration more than non-threat high arousal stimuli8. In retrospective time-estimation studies, Loftus 
found participants overestimated the duration of a stressful video of a bank robbery9. These findings accord with 
an Approach/Avoidance model of time estimation which suggests there is a slowing of time perception (overesti-
mation of time) in high arousal situations as the outcome is more strenuously anticipated in high arousal/threat 
situations7,10. Campbell & Bryant10 tested this model by assessing fear and excitement levels in novice skydivers 
and their time estimations of the jump on landing. They found a positive association between levels of fear prior 
to and during the skydive, and estimation of subjective time for the jump, with increased fear associated with an 
overestimation of time. Finally, there is evidence11,12 for a perception of slowed passage of time in individuals with 
high levels of anxiety.
It is possible that individuals with PTSD may have an underlying disturbance in temporal processing inde-
pendently of emotional or stressful contexts. There is robust evidence of impairments in WM, executive func-
tioning and attention in PTSD, as confirmed by a recent meta-analysis of 60 studies13. Both WM and attention are 
considered essential for accurate time keeping, as documented by previous investigations in healthy humans and 
clinical populations (e.g., refs14–20).
In further support of the hypothesis of time processing deficits in PTSD is the evidence of structural and 
functional alterations in a number of brain regions of individuals with PTSD such as the dorsolateral prefron-
tal cortex (PFC)21,22, the superior parietal regions23,24, the insula (refs22,25. See ref.26 for a review) and the basal 
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ganglia22,25. All these regions are considered essential in mediating the conscious and unconscious experience of 
time (refs27–30. See refs31,32, for reviews). The evidence of dopaminergic alteration in PTSD (e.g., refs33,34) adds a 
neurochemical rationale to the hypothesis of timing deficits in this clinical population, according to the research 
linking dopamine with the internal clock functions17,35–39.
To date, no study has systematically examined the possibility of timing deficits in PTSD in an experimental 
setting, although a previous report40 has included the evaluation of time processing skills in PTSD participants, 
as a minor part of the study. Furthermore, no studies have examined whether timing deficits are associated with 
cognitive deficits (such as WM and attentional switching) in PTSD. A psychophysics investigation of time keep-
ing skills in PTSD is timely because it would clarify the suggestion of timing alterations in these patients, doc-
umented via clinical interview and demographics questionnaires (e.g., ref.10). Moreover, it would expand our 
current knowledge about the cognitive deficits associated with this clinical disorder.
We explored time processing in PTSD by comparing the ability of a group of these patients and a group of 
healthy controls in the execution of a supra-second visual timing task. Our analysis included several measures 
for WM and attentional switching, to investigate any role of these cognitive variables on timing skills. Following 
from evidence that high arousal and stressful situations are associated with an overestimation of time, or temporal 
slowing, we expected to detect a timing overestimation in PTSD relative to controls. Further, we expected to find 
significant relationships between timing performance and both WM/attentional switching, given the role of these 
cognitive abilities, which are found to be altered in PTSD13, in time keeping functions17,41.
Method
Participants. Data from 61 PTSD and 68 healthy control individuals were extracted from the Brain 
Resource International Database (BRID, http://www.brainnet.net/about/brain-resource-international-data-
base/). This database contains data from multiple laboratories (New York, Rhode Island, Nijmegen, London, 
Adelaide, and Sydney) that have been acquired using standardized data acquisition techniques for cognitive tasks 
(INTEGNeuro) including the time estimation task (described below). Inter-lab reliability and test-retest reliability 
measures are high as documented in previous works (e.g., refs42,43). Participants were aged between 18 and 65 
and matched on gender, age and education. The exclusion criteria of this database included a personal or family 
history of mental illness, brain injury, neurological disorder, serious medical condition, drug/alcohol addiction, 
first-degree relative with bipolar disorder, schizophrenia, or genetic disorder. Our study included a sample of 61 
patients (32 males, mean age = 42.34 ± 11.60; mean education = 12.92 ± 3.53) and 68 healthy controls (34 males, 
mean age = 41.75 ± 12.52; mean education = 13.63 ± 3.15). No significant between group difference is reported 
with regard to age (p = 0.775) and education (p = 0.333) variables. All participants gave written informed consent. 
The study was approved by the Tasmanian health and Medical Research Ethics committee and at the University 
of Tasmania (Ref N. H0016534). All methods were performed in accordance with the relevant guidelines and 
regulations from our Institution and the Tasmanian health and Medical Research Ethics committee.
Psychometric measures. PTSD diagnoses and measurement of disorder severity were made using the 
Clinician Administered PTSD scale (CAPS)44. WM, speed of information processing and attentional switch-
ing performance have been examined by using the Digit span and a computerized version of the Trails Making 
Test Part A and B as part of the Integneuro battery. The computerized testing protocol of Ïntegneuro has estab-
lished reliability and validity statistics42. IntegNeuro has been developed in accordance with American Psychiatric 
Association guidelines, it has been validated against traditional pencil and paper tests (and has established 
test-retest reliability amongst adults42. Overall, test-retest reliability is 0.75 (Integ Neuro: Assessment Manual 
1.0, Brain Resource Ltd, 2009). Standardization norms have been established in over 1000 healthy participants 
and these norms form part of the Brain Resource International Database45. The cognitive tests were administered 
using pre-recorded task instructions (via headphones), and responses were given via a touch screen computer 
or.wav files for spoken answers.
Tasks. Participants were seated in a sound attenuated room in front of a touchscreen computer (NEC 
MultiSync LCD 1530 V). All participants completed the cognitive tests as part of a reliable and valid computerized 
test battery42,43. Tests were administered using prerecorded task instructions (via headphones) and computerized 
and voice recording was used for answers. All participants performed a practice trial before the formal comple-
tion of the proposed tasks.
Time estimation task. A black circle appears on the screen, turning green for times varying between 1 and 
12 seconds, in steps of 1 second, in pseduo-random order and for a total of 12 intervals. Each participant was 
required to attend the screen and estimate the duration of the target trace on the screen, using keys on a fixed dis-
play touchpad at the bottom of the screen with the duration range between 1–12 seconds. Each temporal switch 
was presented once. Therefore, the number of trials was 12.
Digit Span task. Participants are presented with a series of digits on the touchscreen, separated by 
a one-second interval. The subject is then immediately asked to enter the digits on a numeric keypad on the 
touch-screen. In the first part of the test, subjects are required to recall the digits in forward order and reverse 
order in the second. In each part, the number of digits in each sequence is gradually increased from 3 to 9, with 
two sequences at each level. The dependent measure is the total number of correct trials forward and backward. 
The maximum task duration was approximately 6 minutes, with a total of 14 trials. More details about this task 
are described in a previous report46.
Switching of Attention task. This modified version of the Trail Making Test consisted of two parts. The 
first, a measure of psychomotor speed, required the connecting of numbers in ascending sequence (i.e., 1–2–3, etc.) 
www.nature.com/scientificreports/
3SCienTifiC RePoRTS |  (2018) 8:392  | DOI:10.1038/s41598-017-18907-5
 (Switching of Attention—Number). The second, a measure of speeded cognitive flexibility, required participants 
to connect numbers and letters in an ascending but alternating sequence (i.e., 1-A-2-B). Time for completion for 
each part served as dependent variables. Task duration was approximately 3 minutes with a total of 25 trails. More 
details about this task are provided in a previous report46.
Data Analysis. Participants’ task performance was evaluated by considering the proportional bias (PB) score, 
which provides a measure of the estimation accuracy calculated from the twelve temporal intervals, where the 
bias for each trial is calculated as a positive or negative percentage of the actual presented interval; PB is esti-
mated from the absolute value of the average difference between the actual duration of the stimulus and the 
participant-estimated duration. Thus, an overall positive score (i.e., >0) indicates a time overestimation; while 
an overall negative score (i.e., <0) indicates a temporal underestimation. We also calculated the estimation bias 
variability (EBV) score, which represents the standard deviation average of the proportional bias. PB and EBV 
scores of our clinical and control samples were compared by using a two-tailed t-test comparison. Two further 
analyses we calculated to evaluate in more detail (i.e., for each temporal interval) the timing performance: The 
raw time estimation (TE) mean associated for the twelve temporal intervals (this measure shows, trial by trial, the 
participants ‘trend in estimating the duration of the presented stimuli).
The coefficient of variation (CV), which provides an index of the samples variability in estimating the pre-
sented stimuli, was calculated as the ratio between the SD and mean values of TE for each condition47. TE and 
CV were entered into separate groups (PTSD, controls) of 12 data points (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 sec-
onds – temporal intervals) repeated measures Analyses of Variance (ANOVA). Between group differences on 
the sub-tests adopted to evaluate WM and attention were evaluated by using two tailed t-test. Details about this 
analysis are reported in Table 1. Finally, Pearson correlation analyses were implemented to measure any rela-
tionship between timing performance and cognitive measures of our participants. These further analyses were 
performed using PB and EBV scores. All Post-hoc comparisons were performed via t-test Bonferroni corrected, 
and, for all statistical analyses, a p value of <0.05 was considered to be significant. Participants with outlier trials 
(i.e., ≥3.5 SD from the average) were removed from the analysis. According to this criterion the final ANOVA 
was conducted on 59 PTSD and 62 controls. Data analysis was performed using Statistica software, version 8.0, 
Stat Soft, Inc., Tulsa, USA.
Data Availability. The data are deposited at the Brain Resource International Database located in Sydney, 
Australia (BRID, http://www.brainnet.net/about/governance-and-management/). Data can be obtained by con-
tacting the BRAINnet Foundation administrator at michelle.wang@brainnet.net.
Results
Table 1 provides details on the performance means associated with the cognitive tests between the groups and the 
between groups statistical comparisons. Although we included 59 PTSD and 62 controls in regard to the timing 
task paragraph, the performance scores on some WM and attention subtests of 2 participants (1 PTSD and 1 con-
trol) were missing. Details about the number of participants evaluated for each single test are provided in Table 1.
Measures
Number of examined 
control participants
Number of examined 
PTSD participants
Mean 
Controls
Mean 
PTSD t-value Df p-level
Digitot 62 59 7.47 6.42 2.181 119 p = 0.031*
Digitsp 62 59 6.26 5.80 1.548 119 p = 0.124
Rdigitot 61 58 4.66 3.45 2.628 117 p = 0.009*
Rdigitsp 61 58 4.75 4.05 2.279 117 p = 0.024*
Swat_D 62 59 21844,97 26278,61 −2.515 119 p = 0.013*
Swae_D 62 59 1.00 1.29 −0.588 119 p = 0.557
Swat_DL 61 58 45565,35 57907,99 −3.785 117 p < 0.001*
Swae_DL 61 58 1.20 1.62 −1.057 117 p = 0.292
SaRt 62 59 493.06 595.64 −4.398 119 p < 0.001*
SaRtSd 62 59 121.95 158.42 −2.937 119 p = 0.003*
SaFa 62 59 0.47 1.34 −2.157 119 p = 0.032*
SaFm 62 59 1.00 2.61 −3.143 119 p = 0.002*
Satot 62 59 1.47 3.95 −2.953 119 p = 0.003*
Table 1. The table reports the mean scores of the examined cognitive variables in PTSD and control 
participants and the corresponding between groups difference according to the t-test analysis. *Indicates a 
significant result. Acronyms legend: Digitot (digit span forward, correct trials); Digitsp (digit span forward, recall 
span); Rdigitot (digit span reverse, correct trials); Rdigitsp (digit span reverse, recall span); Swat_D (switching 
of attention, completion time - digits); Swae_D (switching of attention, errors - digits); Swat_DL (switching of 
attention, completion time - digits + letters) Swae_DL (switching of attention, errors - digits + letters); SaRt 
(Sustained attention Reaction time); SaRtSd (Sustained attention Reaction time variability); SaFa (Sustained 
attention, false alarm); SaFm (Sustained attention, false misses); Satot (Sustained attention, total errors).
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The t-test analysis reveals a significant between group difference for the PB score which was negative for the 
control group (M = −0.11) compared to PTSD (M = 0.00), t119 = −3.264, p = 0.001. Moreover, we found a higher 
PBV for the PTSD group (M = 0.21) compared to controls (M = 0.12), t 119 = 3.534, p < 0.001.
Time Estimation (TE). The ANOVA detected a significant main effect of the Group F1,118 = 6.78, p = 0.010, 
ηp² = 0.054, Observed Power = 0.733, which documents a higher average temporal estimation in the PTSD group 
(M = 6.186 ± 0.135), compared to controls (M = 5.694 ± 0.131). The Temporal Interval factor F11,1298 = 1326.8, 
p < 0.001, ηp² = 0.918, Observed Power = 1.000 was also significant, as expected. There was also a marginally 
significant group x temporal interval F11,1298 = 1.778, p = 0.053, ηp² = 0.014, Observed Power = 0.865 interaction 
term. See Fig. 1 for details.
Coefficient of Variation (CV). The ANOVA detected a significant main effect of the Group F1,118 = 53.80, 
p < 0.001, ηp² = 0.313, Observed Power = 1.000, which documents higher variability in the temporal estimation 
of the PTSD group (M = 0.324 ± 0.008), compared to controls (M = 0.237 ± 0.008). The Temporal Interval factor 
F11,1298 = 112.47, p < 0.001, ηp² = 0.509, Observed Power = 1.000 was also significant. Finally, we documented a 
significant group × temporal interval F11,1298 = 60.58, p < 0.001, ηp² = 0.339, Observed Power = 1.000 interaction 
term. Although Fig. 2 shows higher PTSD variability through the 1–9 seconds range, the post-hoc comparison 
documents significant between groups differences (p < 0.001) only for 1, 2, 3, 5, 6, 9 temporal intervals. See Fig. 2 
for details.
Figure 1. The figure plots temporal estimations associated to the PTSD and control groups for the twelve 
temporal intervals. The inclined line allows you to observe the shift between the real durations the presented 
stimuli and the estimations provided by patients and control participants.
Figure 2. The figure plots data on coefficient of variation (CV) scores associated to PTSD and control 
participants.
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Correlations. PTSD. Results document negative correlations between PB and all the digit span measures 
(p ≥ 0.012 and ≤0.028, see Table 2 for details). This suggests that the higher the PB the lower the digit span scores 
(see also Table 1 for details). We also detected a significant positive correlation between PB and the time required 
to complete the switching of attention task, for both the digits (Swat_D, p = 0.018) and the digits + letters (Swat_
DL, p = 0.031) sub-tests. Therefore, the higher the time required to complete the switching of attention tasks the 
higher PB. Other significant results include correlations between the EBV score and time required to complete the 
switching of attention task, for the digits (Swat_D, p = 0.007) and digits + letters (Swat_DL, p = 0.007) sub-tests, 
and the reaction time variability in the sustained attention task (SaRtSd, p = 0.038). No further significant results 
are reported, although some results approached statistical significance (see Table 2 for details).
Controls. We only found two negative correlations with the Digitot: p = 0.003 - and the Digitsp: p < 0.001 – sub-
tests and the EBV scores. No further significant results are reported (see Table 2 for details,).
Discussion
This is the first study to our knowledge that offers a systematic examination of time estimation skills in individ-
uals with PTSD. This research aimed to extend previous investigations which reported timing overestimation 
associated with experiencing highly stressful or negatively arousing stimuli or situations7,10. On the basis of this 
previous research, we predicted that individuals with PTSD would demonstrate an overestimation of time relative 
to controls. Secondly, we examined the relationship between time estimation capacity and cognitive functioning 
in PTSD. Our analysis included a range of cognitive measures to specifically evaluate the association of WM and 
attentional switching with time estimation.
In accordance with our hypothesis, the key finding of our research was evidence for overall time overestima-
tion in PTSD compared to the control participants. From a psychophysics perspective, the current overestimation 
pattern can be interpreted as a violation of the well documented Vierordts’ law48 that predicts a tendency, in 
healthy humans, to underestimate “long” temporal intervals. In fact, while the timing performance of the control 
group is characterized by the expected underestimation trend, which linearly increases with the increasing of the 
temporal interval to be estimated (see Fig. 1), the timing performance of PTSD participants appears only mar-
ginally in line with the underestimation pattern predicted by the Vierordts’ law. The time overestimation pattern 
observed in PTSD is concordant with the evidence of time overestimation is response to negative, highly arousing 
stimuli compared to positive arousing stimuli7, and when experiencing highly arousing and stressful events10,49,50. 
This is in line with evidence of physiological hyperarousal which characterizes PTSD51. However, this hypothesis 
remains speculative, as we did not collect this measure in our participants. It is also interesting to note that the 
time overestimation pattern reported in our research for the PTSD sample appears similar to data in schizo-
phrenic patients (ref.52, for a review53). This parallelism is not surprising as the links between childhood trauma, 
PTSD and psychotic disorders is increasingly recognized54, and because in a discrete number of patients these 
two conditions might even overlap (see ref.55). Nevertheless, we are not able to clarify the eventual role played by 
psychotic symptoms in the time estimation performance of our PTSD sample, as this variable was not measured 
in the current research. Finally, our results are in line with previous reports11,12 documenting a slowed passage of 
time on individuals with high levels of anxiety.
It is notable that the individuals with PTSD displayed higher intra-individual variability and overall higher 
inter-individual variability (as sample) in time estimation. The research on inter-hemispheric balance in PTSD 
might help to explain the higher intra-individual variability for this clinical sample. Electroencephalographic 
(e.g., ref.56), neuroimaging57,58 and Transcranial Magnetic Stimulation59 studies have shown a right-sided func-
tional prevalence in PTSD. In consequence of this, one could explain the higher timing variability of PTSD as 
the effect of the hypoactivation of their left hemisphere. This is in agreement with the evidence60 of increased 
Measures PB PTSD PB Controls EBV PTSD EBV Controls
Education r = −0.034 p = 0.801 r = 0.052 p = 0.688 r = 0.030 p = 0.824 r = 0.161 p = 0.210
Digitot r = −0.324 p = 0.012* r = 0.052 p = 0.686 r = −0.249 p = 0.056 r = −0.362 p = 0.003*
Digitsp r = −0.286 p = 0.028* r = −0.009 p = 0.941 r = −0.176 p = 0.182 r = −0.447 p < 0.001*
Digitot r = −0.298 p = 0.022* r = 0.118 p = 0.362 r = −0.139 p = 0.295 r = −0.049 p = 0.707
Digitsp r = −0.287 p = 0.028* r = 0.077 p = 0.554 r = −0.115 p = 0.389 r = −0.034 p = 0.791
Swat_D r = 0.305 p = 0.018* r = −0.133 p = 0.301 r = 0.344 p = 0.007* r = 0.067 p = 0.600
Swae_D r = 0.079 p = 0.547 r = −0.180 p = 0.161 r = 0.018 p = 0.887 r = 0.074 p = 0.566
Swat_DL r = 0.283 p = 0.031* r = −0.105 p = 0.420 r = 0.350 p = 0.007* r = 0.145 p = 0.262
Swae_DL r = 0.131 p = 0.323 r = 0.096 p = 0.458 r = 0.129 p = 0.333 r = 0.218 p = 0.091
SaRt r = −0.073 p = 0.580 r = −0.026 p = 0.839 r = 0.131 p = 0.319 r = −0.129 p = 0.315
SaRtSd r = 0.035 p = 0.788 r < 0.001 p = 0.998 r = 0.270 p = 0.038* r = −0.065 p = 0.614
SaFa r = 0.073 p = 0.580 r = 0.107 p = 0.405 r = 0.030 p = 0.824 r = 0.095 p = 0.459
SaFm r = 0.081 p = 0.540 r = 0.220 p = 0.085 r = 0.136 p = 0.406 r = −0.032 p = 0.804
Satot r = 0.083 p = 0.530 r = 0.242 p = 0.057 r = 0.194 p = 0.236 r = 0.023 p = 0.858
Table 2. The table reports detailed correlational results between cognitive measures provided in our study and 
the overall timing performance, measured via PB and EBV. Please refer to the legend associated to the Table 1 
for the details about the acronyms meaning.
www.nature.com/scientificreports/
6SCienTifiC RePoRTS |  (2018) 8:392  | DOI:10.1038/s41598-017-18907-5
timing variability for supra-second durations after cathodal transcranial direct current stimulation, which is 
known to have inhibitory effects at the cortical level61–63, over the left hemisphere. On the other hand, the higher 
inter-individual variability might be due to other variables related to the clinical condition of the participants 
(such as extent of hyperarousal symptoms, and extent of dissociative symptoms), which were not explored in the 
current research.
In line with many previous neuropsychological studies, individuals with PTSD showed evidence of cognitive 
impairments in both WM, information processing speed (signified by Trials Making A test), and attentional 
switching (signified by Trails Making B). This outcome replicates previous studies revealing deficits in vary-
ing attentional and executive functions, including WM, inhibitory control, attention and cognitive flexibility64, 
attention allocation65, information processing speed66 and verbal learning and memory67, with the largest effects 
found in verbal immediate memory and attention/WM in a recent meta-analysis13. Interestingly, the correlations 
between cognitive measures and time estimation reported in our study suggest that the time estimation pattern of 
PTSD, measured via PB, might be linked to the lower WM capacity of these patients (see Table 1 for details). By 
contrast, the attention performance seems to play a marginal role, as the only significant correlation was detected 
with the time required to complete the switching of attention task. The timing variability performance of PTSD, 
measured via PBV, appears predicted by the attention capacity, with particular regard to the time required to 
complete the switching of attention task (e.g., for both sub-tests) and the reaction time variability in perform-
ing the sustained attention task. The negative correlation between the digitot measure and PBV in our control 
participants, which was marginally significant (i.e. p = 0.056) also in the PTSD sample, suggests that cognitive 
mechanisms underlying this function might play a general role in time estimation variability. Finally, the nega-
tive correlation between the digitsp and the PBV only for the control group might be interpreted as evidence of a 
contribution of the recall span functions in time keeping variability, in the context of intact WM skills, as in the 
case of our control participants.
Limitations. A limitation in the current study is the absence of measures for the sub-second durations 
domain. Further limitations are the absence of measures on the patients’ arousal (e.g., skin conductance) and the 
absence of data on dissociative symptoms and other clinical measures such as depression, anxiety and psychosis, 
which might help in explaining the origin of the reported time estimation pattern. Future research should exam-
ine time estimation in PTSD using experimental tasks with concurrent psychophysiological arousal measures and 
clinical assessment of arousal and dissociative reactions. Finally, the performance score of 2 participants (1 PTSD 
and 1 control) was missing with regard to some of the subtests for measuring WM and attention performance.
Conclusions
To the best of our knowledge, our study represents the first systematic psychophysics investigation of time keep-
ing skills in PTSD. Our results indicate that PTSD is associated with time overestimation, in agreement with 
clinical reports of slowed down temporal perception during traumatic experiences68, and research revealing time 
overestimation during stressful experiences and negative arousing tasks7,10. WM impairments in PTSD were 
associated with time overestimation, and attentional impairments with the higher variability in estimating the 
presented temporal intervals. Therefore, it is possible that the temporal dysregulation in PTSD may underlie 
some cognitive deficits in these two domains, in line with the evidence (e.g., refs69,70) of a linking between these 
variables. Nevertheless, the evidence of time overestimation in PTSD expands our current knowledge about the 
cognitive alterations of this disorder, and suggests the relevance of this factor as a cognitive marker in assessing 
the PTSD profile.
References
 1. Kessler, R. C., Chiu, W. T., Demler, O., Merikangas, K. R. & Walters, E. E. Prevalence, severity, and comorbidity of 12-month DSM-
IV disorders in the National Comorbidity Survey Replication. Arch. Gen. Psych. 62, 617–27 (2005a).
 2. Kessler, R. C. et al. Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the National Comorbidity Survey 
Replication. Arch. Gen. Psych. 62, 593–602 (2005b).
 3. Zuj, D. V., Palmer, M. A., Lommen, M. J. & Felmingham, K. L. The centrality of fear extinction in linking risk factors to PTSD: A 
narrative review. Neurosci. Biobehav. Rev. 69, 15–35 (2016).
 4. APA. Diagnostic and Statistical Manual of Mental Disorders (5th ed). Washington, DC: APA (2013).
 5. Lanius, R. A., Brand, B., Vermetten, E., Frewen, P. A. & Spiegel, D. The dissociative subtype of posttraumatic stress disorder: 
rationale, clinical and neurobiological evidence, and implications. Depress. Anxiety 8, 701–8 (2012).
 6. Ursano, R. J. et al. Peritraumatic dissociation and posttraumatic stress disorder following motor vehicle accidents. Am J Psychiatry 
156, 1808–10 (1999).
 7. Angrilli, A., Cherubini, P., Pavese, A. & Manfredini, S. The influence of affective factors on time perception. Perception Psycho. 59, 
972–982 (1997).
 8. Droit-Volet, S., Mermillod, M., Cocenas-Silva, R. & Gil, S. The effect of expectancy of a threatening event on time perception in 
human adults. Emotion 10, 908–14 (2010).
 9. Loftus, E. F., Schooler, J. W., Boone, S. M. & Kline, D. Time went by so slowly: Overestimation of event duration by males and 
females. Applied Cogn. Psychol. 1, 3–13 (1987).
 10. Campbell, L. A. & Bryant, R. A. How time flies: a study of novice skydivers. Behav. Res. Therapy 45, 1389–92 (2007).
 11. Bar-Haim, Y., Kerem, A., Lamy, D. & Zakay, D. When time slows down: the influence of threat on time perception in anxiety. Cogn. 
Emo. 24, 255–263 (2010).
 12. Yoo, J.-Y. & Lee, J.-H. The effects of valence and arousal on time perception in individuals with social anxiety. Front. Psychol. 6, 1208 
(2015).
 13. Scott, J. C. et al. A quantitative meta-analysis of neurocognitive functioning in posttraumatic stress disorder. Psychol. Bull. 141, 
105–40 (2015).
 14. Casini, L. & Ivry, R. B. Effects of divided attention on temporal processing in patients with lesions of the cerebellum or frontal lobe. 
Neuropsychology 13, 10–21 (1999).
 15. Enns, J. T., Breahaut, J. C. & Shore, D. I. The duration of a brief event in the mind’s eye. The J. Gen. Psychol. 126, 355–372 (1999).
www.nature.com/scientificreports/
7SCienTifiC RePoRTS |  (2018) 8:392  | DOI:10.1038/s41598-017-18907-5
 16. Tse, P., Intriligator, J., Rivest, J. & Cavanagh, P. Attention and the subjective expansion of time. Percept. Psychophysics 66, 1171–1189 
(2004).
 17. Lewis, P. A. & Miall, R. C. Remembering the time: a continuous clock. Trends Cogn. Sci. 10, 401–6 (2006).
 18. Vicario, C. M., Martino, D., Pavone, E. F. & Fuggetta, G. Lateral head turning affects temporal memory. Percept. Motor Skills 113, 
3–10 (2011).
 19. Vicario, C. M., Bonní, S. & Koch, G. Left hand dominance affects supra-second time processing. Front. Integr. Neurosci. 5, 65 (2011).
 20. Vicario, C. M., Rappo, G., Pepi, A., Pavan, A. & Martino, D. Temporal abnormalities in children with developmental dyscalculia. 
Dev. Neuropsychology 37, 636–52 (2012).
 21. Geuze, E. et al. Thinner prefrontal cortex in veterans with posttraumatic stress disorder. Neuroimage 41, 675–81 (2008).
 22. Felmingham, K. L. et al. Reduced amygdala and ventral striatal activity to happy faces in PTSD is associated with emotional 
numbing. PLoS One 9, e103653 (2014).
 23. Eckart, C. et al. Structural alterations in lateral prefrontal, parietal and posterior midline regions of men with chronic posttraumatic 
stress disorder. J. Psych. Neurosci. 36, 176–86 (2011).
 24. Tan, L. et al. Brain structure in post-traumatic stress disorder: A voxel-based morphometry analysis. Neural Regen. Res. 8, 2405–14 
(2013).
 25. Geuze, E. et al. Altered pain processing in veterans with posttraumatic stress disorder. Arch. Gen. Psych. 64, 76–85 (2007).
 26. Hughes, K. C. & Shin, L. M. Functional neuroimaging studies of post-traumatic stress disorder. Expert Rev. Neurotherapy 11, 275–85 
(2011).
 27. Koch, G., Oliveri, M., Carlesimo, G. A. & Caltagirone, C. Selective deficit of time perception in a patient with right prefrontal cortex 
lesion. Neurology 59, 1658–9 (2002).
 28. Koch, G., Oliveri, M., Torriero, S. & Caltagirone, C. Underestimation of time perception after repetitive transcranial magnetic 
stimulation. Neurology 60, 1844–6 (2003).
 29. Ferrandez, A. M. et al. Basal ganglia and supplementary motor area subtend duration perception: an fMRI study. Neuroimage 19, 
1532–44 (2003).
 30. Tregellas, J. R., Davalos, D. B. & Rojas, D. C. Effect of task difficulty on the functional anatomy of temporal processing. Neuroimage 
32, 307–15 (2006).
 31. Wiener, M., Turkeltaub, P. & Coslett, H. B. The image of time: a voxel-wise meta-analysis. Neuroimage 49, 1728–40 (2010).
 32. Avanzino., L. et al. Time Processing and Motor Control inMovement Disorders. Front. Human Neurosci. 10, 631 (2016).
 33. Segman, R. H. et al. Association between the dopamine transporter gene and posttraumatic stress disorder. Mol. Psychiatry 7, 903–7 
(2002).
 34. Lucas, L. R. et al. Repeated exposure to social stress has long-term effects on indirect markers of dopaminergic activity in brain 
regions associated with motivated behavior. Neuroscience 124, 449–57 (2004).
 35. Meck, W. H. Neuropharmacology of timing and time perception. Brain Res. Cogn. Brain Res. 3, 227–4 (1996).
 36. Ben-Pazi, H., Shalev, R. S., Gross-Tsur, V. & Bergman, H. Age and medication effects on rhythmic responses in ADHD: possible 
oscillatory mechanisms? Neuropsychologia 44, 412–6 (2006).
 37. Koch, G. et al. Impaired reproduction of second but not millisecond time intervals in Parkinson’s disease. Neuropsychologia 46, 
1305–13 (2008).
 38. Vicario, C. M. et al. Time processing in children with Tourette’s syndrome. Brain Cogn. 73, 28–34 (2010).
 39. Vicario, C. M., Gulisano, M., Martino, D. & Rizzo, R. Timing recalibration in childhood Tourette syndrome associated with 
persistent pimozide treatment. J. Neuropsychology 10, 211–22 (2016).
 40. Falconer, E. M. et al. Developing an integrated brain, behavior and biological response profile in posttraumatic stress disorder 
(PTSD). J. Integrative Neurosci. 7, 439–456 (2008).
 41. Vicario, C. M. & Martino, D. The neurophysiology of magnitude: One example of extraction analogies. Cogn. Neurosci. 1, 144–5 
(2010).
 42. Williams, L. M. et al. The test-retest reliability of a standardized neurocognitive and neurophysiological test battery: “Neuromarker”. 
Intern. J. Neurosci. 115, 1605–1630 (2005).
 43. Paul, R. H. et al. Cross-cultural assessment of neuropsychological performance and electrical brain function measures: additional 
validation of an international brain database. Intern. J. Neurosci. 117, 549–568 (2007).
 44. Clark, C. R. et al. Standardized assessment of cognitive functioning during development and aging using an automated touchscreen 
battery. Arch Clin Neuropsychol. 21, 449–67 (2006).
 45. Blake, D. D. et al. The development of the Clinician-Administered PTSD Scale. J. Trauma Stress 8, 75–90 (1995).
 46. Gordon, E. et al. Integrative neuroscience: the role of a standardized database. Clin EEG Neurosci. 36, 64–75 (2005).
 47. Vicario, C. M. & Martino, D. Setting the scalar variance property to understand the time reproduction deficit in essential tremor. 
Mov. Dis. 31, 1428 (2016).
 48. Mukherjee, K. C. VIERORDT’S LAW. British J. Psychol. General Sect. 21, 326–328 (1931).
 49. Dirnberger, G. et al. Give it time: neural evidence for distorted time perception and enhanced memory encoding in emotional 
situations. Neuroimage 63, 591–9 (2012).
 50. Gil, S. & Droit-Volet, S. Emotional time distortions: the fundamental role of arousal. Cogn. Emo. 26, 847–62 (2012).
 51. Hopper, J. W., Spinazzola, J., Simpson, W. B. & van der Kolk, B. A. Preliminary evidence of parasympathetic influence on basal heart 
rate in posttraumatic stress disorder. J. Psychosomatic Res. 60, 83–90 (2011).
 52. Bonnot, O. et al. Are impairments of time perception in schizophrenia a neglected phenomenon? J. Physiol. Paris 105, 164–9 (2011).
 53. Alústiza, I. et al. Meta-Analysis of Functional Neuroimaging and Cognitive Control Studies in Schizophrenia: Preliminary 
Elucidation of a Core Dysfunctional Timing Network. Front. Psychol. 7, 192 (2016).
 54. Choi, J. Y. et al. The effect of childhood abuse on self-reported psychotic symptoms in severe mental illness: Mediating effect of 
Posttraumatic Stress Disorder symptoms. Psychiatry Res. 229, 389–93 (2015).
 55. OConghaile, A. & DeLisi, L. E. Distinguishing schizophrenia from posttraumatic stress disorder with psychosis. Curr. Op. Psychiatry 
28, 249–55 (2015).
 56. Rabe, S. et al. Regional brain electrical activity in posttraumatic stress disorder after motor vehicle accident. J. Abnor. Psychol. 115, 
687–98 (2006).
 57. Rauch, S. L. & Shin, L. M. Functional neuroimaging studies in posttraumatic stress disorder. Ann. New York Academy Sci. 821, 83–98 
(1997).
 58. Pagani, M. et al. Regional cerebral blood flow during auditory recall in 47 subjects exposed to assaultive and non-assaultive trauma 
and developing or not posttraumatic stress disorder. European Arch. Psych. Clin. Neurosci. 255, 359–65 (2005).
 59. Rossi, S. et al. Dysfunctions of cortical excitability in drug-naïve posttraumatic stress disorder patients. Biol. Psychiatry 66, 54–61 
(2009).
 60. Vicario, C. M., Martino, D. & Koch, G. Temporal accuracy and variability in the left and right posterior parietal cortex. Neuroscience 
245, 121–8 (2013).
 61. Nitsche, M.A. et al. Modulation of cortical excitability by weak direct current stimulation–technical, safety and functional aspects. 
Suppl. Clin. Neurophysiology 56, 255–76 (2003). Review
 62. Vicario, C. M. & Nitsche, M. A. Non-invasive brain stimulation for the treatment of brain diseases in childhood and adolescence: 
state of the art, current limits and future challenges. Front. System Neurosci. 7, 94 (2013).
www.nature.com/scientificreports/
8SCienTifiC RePoRTS |  (2018) 8:392  | DOI:10.1038/s41598-017-18907-5
 63. Vicario, C. M. & Nitsche, M. A. Transcranial direct current stimulation: a remediation tool for the treatment of childhood congenital 
dyslexia? Front Hum Neurosci. 7, 139 (2013).
 64. Vasterling, J. J. et al. Attention, learning, and memory performances and intellectual resources in Vietnam veterans: PTSD and no 
disorder comparisons. Neuropsychology 16, 5e14 (2002).
 65. Khanna, M. M. et al. Veterans with post-traumatic stress disorder exhibit altered emotional processing and attentional control 
during an emotional Stroop task. Psychol Med. 47, 2017–2027 (2017).
 66. Wrocklage, K.M. et al. Neuropsychological functioning in veterans with posttraumatic stress Disorder: Associations with 
performance validity, comorbidities, and functional outcomes. J. Intern. Neuropsychol. Soc. 1e13 (2016).
 67. Brewin, C. R., Kleiner, J. S., Vasterling, J. J. & Field, A. P. Memory for emotionally neutral information in posttraumatic stress 
disorder: A metanalytic investigation. J. Abnor. Psychol. 116, 448e463 (2007).
 68. Noyes, R. Jr. & Kletti, R. Depersonilization in response to life-threatening danger. Comprensive Psych. 18, 375–84 (1977).
 69. Vicario, C. M. Perceiving numbers affects the subjective temporal midpoint. Perception 40, 23–9 (2011).
 70. Vicario, C. M. Cognitively controlled timing and executive functions develop in parallel? A glimpse on childhood research. Front. 
Behav. Neurosci. 7, 146 (2013).
Author Contributions
C.M.V. and K.F. designed the experiment. C.M.V. analyzed the data. C.M.V. and K.F. wrote the main manuscript 
text. C.M.V. prepared the figures. All authors reviewed the manuscript.
Additional Information
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017
